Gender-specific normal concentrations of myocardial metabolites and the differences that might exist between healthy males and females were measured in vivo using 1 H-magnetic resonance spectroscopy ( 1 H-MRS). METHODS: A total of 100 healthy individuals (57 males, 43 females) were studied. Cardiac magnetic resonance imaging and localized 1 H-MRS were used to localize the voxels and quantify myocardial metabolite concentrations, respectively, for each gender. RESULTS: A total of 14 participants were excluded because of motion and poor spectra, which meant that 86 participants (46 males, 40 females) were included in the final analysis. Spectral peaks were identified with chemical shifts corresponding to water, choline, creatine and triglyceride. Myocardial choline and creatine levels showed no statistically significant differences between males and females. Females had a significantly lower body mass index and body surface area compared with males, and a significantly higher concentration of myocardial triglycerides. CONCLUSIONS: Myocardial triglyceride concentration was shown to be related to gender, whereas myocardial creatine and choline concentrations were not gender-related.
Introduction
Previous 1 H-magnetic resonance spectroscopy ( 1 H-MRS) studies have demonstrated that noninvasive measurement of myocardial creatine and triglyceride may be valuable in the assessment of disease severity and the prediction of the clinical course of various forms of heart and metabolic diseases. 1, 2 In patients with ischaemic heart disease, concentrations of creatine 3 and creatine metabolites 4 determined by 1 H-MRS have been found to be decreased to a greater extent in nonviable infarcted regions than in intact regions. The measurement of creatine using 1 H-MRS appears to be useful, therefore, in the evaluation of myocardial viability.
Measurement of myocardial creatine has also been reported to be useful in assessment of the severity of heart failure and various nonischaemic heart diseases. 5, 6 Moreover, in J Wu, L Yang, J Yang et al. Normal 1 H-MRS values for myocardial metabolites vivo evaluation of myocardial triglyceride has become a biomarker for chronic diseases and offers a strategy for studying the functional importance of cardiac steatosis in humans. 7 -9 Concentration differences, however, in myocardial metabolites between males and females remain unknown. The present study measured the concentrations of myocardial metabolites in healthy humans and assessed the differences that might exist between males and females in order to determine the normal levels for each gender.
Subjects and methods

STUDY POPULATION
This prospective study recruited healthy participants between June 2009 and June 2010. They were required to be ≥ 18 years of age and were excluded for any of the following: history of diseases of the heart, lung or kidney; hypertension, diabetes, hyper lipidaemia or arrhythmia; fear of confined spaces; presence of implanted devices that would limit imaging and spectroscopy; pregnancy; and inability to hold breath for > 10 s. All subjects were examined 1 -4 h after a meal and had their height and weight measured before undertaking cardiac magnetic resonance imaging (MRI) and 1 H-MRS.
Verbal informed consent was obtained from each of the participants prior to inclusion in the study and the study protocol was approved by the Ethics Committee of The PLA General Hospital, Beijing, China.
MYOCARDIAL IMAGING AND SPECTROSCOPY
The MRI and 1 H-MRS studies were performed using a GE 1.5 T Signa Excite ® HD imaging/ spectroscopy system (GE Medical Systems, Milwaukee, WI, USA) and a cardiac eightchannel coil (GE Medical Systems). Subjects were examined in the supine position. Conventional MRI was performed before 1 H-MRS to localize voxels.
For accurate confirmation of voxel localization, dynamic cine images in the four-chamber and short-axis planar views were captured to locate precisely the intraventricular septum. These planes were used to position the volume of interest (40 × 25 × 50 mm 3 ) in the intraventricular septum, avoiding contamination from epicardial fat. Zones of saturation were added around the voxels to saturate epicardial fat ( Fig. 1 ). Single-voxel 1 H-MRS, using a point-resolved spectroscopy sequence, was performed with a repetition time of two or three R -R intervals in the range of 1644 -2308 ms for cardiac gating, an echo time of 35 ms and a delay time of 254 ms. The real acquisition time was between 2 min 26 s and 3 min 9 s, with a variable repetition time. The total examination time for each subject, including localization (5 min), prescan (2 min) and spectral acquisition and breaks (5 min) was < 20 min.
The criterion for spectral acquisition was a line width of < 20 Hz after the prescan. 10 When the line width was > 20 Hz, voxel localization was adjusted and the prescan was retried. Subjects were instructed to hold their breath at end-exhalation during imaging and spectroscopy and to have a short break every 10 -30 s. During prescan the subjects breathed freely.
SPECTRAL ANALYSIS
The 1 H-MRS data were analysed using commercially available software (SAGE version AW 4.3; GE Medical Systems) by a single doctor (J.W.) experienced in 1 H-MRS analysis. The channel data with lowest noise were automatically selected by the software. The criterion for determining whether metabolite resonance was present was a signal-to-noise ratio > 3. 10 Data with serious baseline distortion, broad lipid line width or J Wu, L Yang, J Yang et al.
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no observable metabolite resonance were excluded from the analyses. The water signal from the spectra (with water suppression automatically determined by the software) obtained from the same voxel was used as an internal reference for relative quantification of myocardial metabolite resonance. The amplitude of the spectral signal was quantified by expressing the myocardial metabolite signal as a percentage of the water signal. 9, 11 Chemical shifts of the myocardial metabolites on 1 H-MRS were measured in parts per million (ppm).
STATISTICAL ANALYSES
All statistical analyses were performed using SPSS ® statistical software, version 11.5 (SPSS Inc., Chicago, IL, USA) for Windows ® . An independent-samples t-test was used to determine whether myocardial metabolite concentrations had equal variances and to compare mean ± SD data between the different sexes. A P-value of < 0.05 was considered statistically significant.
Results
A total of 100 healthy individuals completed all study procedures: 57 males, 43 females; mean ± SD age 29 ± 11 years, BMI 22.1 ± 2.6 kg/m 2 , body surface area 1.68 ± 0.18 m 2 . A total of 14 individuals were excluded because of motion and poor spectra, so 86 participants (46 males, 40 females) were included in the final analyses. Their characteristics, divided according to gender, are shown in Table 1 .
Myocardial metabolite levels in the study participants showed that choline and creatine concentrations had similar variances, whereas the triglyceride concentration did not ( Table 1) . No significant differences in age or the concentrations of choline and creatine were observed between males and females. Males had a significantly higher BMI than females (P < 0.001), whereas body surface area (P < 0.001) and the triglyceride concentration (P = 0.003) were significantly higher in females than in males.
Each of the 86 spectra were analysed and spectral peaks were identified with the following chemical shifts: water at 4.7 ppm, choline at 3.2 ppm, creatine at 3.0 ppm and triglyceride at 0.9 -1.6 ppm (Fig. 2 ).
Discussion
The present study used 1 H-MRS to determine gender-specific normal levels for myocardial metabolites in vivo and whether differences might exist between healthy males and females. Water-suppressed 1 H-MRS of myocardial tissue located in the interventricular septum showed choline, creatine and triglyceride signals in the present study, as shown previously by other studies. 12, 13 The voxel size in the interventricular septum was 40 × 25 × 50 mm 3 in the present study. This size was selected to yield a suitable signal-to-noise ratio but it may be somewhat larger than the thickness of the myocardial wall and may, therefore, have included the blood in the ventricular cavity. Spin-echo MRI, however, showed no signal intensity in the chamber. The integrated signal intensity in the blood in the chamber was small because of 'black blood' properties of the sequence. 4 If a voxel includes a blood space of 30% in total volume, a creatine value of 30 µmol/g will be underestimated and give a value of 27.6 µmol/g at most 5 ; therefore, the actual concentrations of myocardial metabolites may be slightly underestimated.
The clinical application of cardiac 1 H-MRS has made substantial progress during the past decade. Creatine and triglyceride as myocardial metabolites have been investigated intensively by 1 H-MRS, though choline has received little attention. 1 -3,14 Differences in myocardial metabolites between genders has not attracted much attention. The main new findings of the present study were: (i) myocardial concentrations of choline and creatine were not related to gender; (ii) gender was related to myocardial triglyceride concentration; and (iii) normal ranges of myocardial metabolite concentrations were reported for males and females, which should be of use in determining whether values are increased or decreased from normal values for each gender.
Age, BMI, hepatic triglyceride BMI, body mass index; BSA, body surface area; NS, no statistically significant between-group difference (P > 0.05). Normal 1 H-MRS values for myocardial metabolites concentration, visceral fat and cardiovascular and metabolic diseases have been found to be related to myocardial triglyceride concentration, 11 and myocardial triglyceride concentration may increase threefold after a 48-h fast. 15 Thus, myocardial triglyceride is a very plastic intracellular substrate, the increase of which may contribute to diabetic myocardial dysfunction, especially before the onset of type 2 diabetes mellitus or systolic dysfunction. 11 The mean triglyceride concentration in females was almost twice that in males in the present study. Thus, gender is an important factor influencing triglyceride concentration.
A previous study, presenting quantitative data on high-energy phosphate metabolites in pathological conditions of the human heart, demonstrated that the analysis of ratios underestimated the actual pathological changes in concentration and concluded that the determination of absolute concentrations is necessary, particularly for ischaemic heart disease. 16 Most 1 H-MRS studies, however, have relied on the semiquantitative analysis of cardiac metabolism by the determination of metabolites ratios and this traditional and convenient method was also selected for the present study. Another limitation of the present study is that the data may not be representative of the entire left ventricle because the voxels were located in the intraventricular septum. Finally, the results may have been influenced by ethnicity and the small number of subjects.
In conclusion, 1 H-MRS is a sensitive tool for measuring levels of myocardial metabolites, including triglyceride, choline and creatine, which are important biomarkers of 
